Borderline personality disorder (BPD) is a well-recognized syndrome. It is characterized by brief episodes of affective manifestations, emotional lability, unstable interpersonal relationship, impulsive, unpredictable behavior, and self-mutilation. Considerable evidence also points that impulsivity is one of the earliest components, out of which subsequent dysfunction emerges. [1] The estimated prevalence of BPD is approximated 1.6%. Approximately 60%-70% of BPD have attempted suicide with 8%-10% successfully completed suicide. [2, 3] BPD constitutes a large burden on the resources of mental health services.
in the pathogenesis of BPD characterized by impulsiveness and affective instability. A number of case reports have been described in patients who were diagnosed with BPD, who were subsequently found to have complex partial seizures documented by epileptic discharges over one or both temporal regions. As early as the mid-1980s, the presence of significant EEG abnormalities, definitive and less definitive, in BPD patients are well documented. Furthermore, minor EEG abnormalities that are not suggestive of epilepsy but may be contributing to episodic behavior disorder (e.g., 14-and 6-per-second positive spikes) are seen in more than one-fourth of BPD patients, as well as in some other personality disorders. In this latter respect, the presence of these controversial waveforms may be associated with elevations of specific behaviors (e.g., impulsivity) found within the overall BPD symptom cluster profile.
Pickar and Tanahashi have found significant abnormalities in EEG scalp records of BPD patients and also reported that EEG abnormalities in BPD are not due to abnormal cortical foci but rather a nonspecific EEG localizable brain dysfunction. [7] In a meta-analysis by Shelley et al., the respective prevalence rate of EEG abnormalities was estimated to be between 5.8% and 4.6%; however, most of the studies are hampered by methodological problems; the samples size was rather small or EEG assessment was not done in a blind way. [8] Although the hypothesis of a relationship with epilepsy is difficult to support, there is an excess of EEG abnormal activity, which can indicate brain dysfunction in patients with BPD. [9] EEG abnormalities in BPD can be an evidence of brain dysfunction of people suffering from this debilitating disorder. Borderline individuals showed a much higher incidence of symptoms commonly seen in complex partial seizures or episodic dyscontrol and higher incidence of EEG abnormalities particularly posterior sharp waves. Developing a thorough understanding of the neurobiology of BPD is essential for the development of effective preventive, therapeutic, and rehabilitative approaches to BPD. [8] Limberg et al. showed that a better understanding of electrophysiological abnormalities in BPD will also facilitate the examination of the relationship between abnormalities related to child abuse and those identified in other adult patients. [10] The aim of this study was to explore EEG abnormalities in patients with BPD and to compare it with healthy controls so as to help in understanding the neurobiology of BPD and it's therapeutic implications. mEthods 60 consecutive patients attending the psychiatry outpatient unit fulfilling the Diagnostic and Statistical Manual of Mental Disorders Fifth Edition (DSM-5) [11] criteria for BPD were enrolled as cases with 60 age-matched healthy controls after ethical clearance from the institutional ethical board and written informed consent. Only those who were willing to participate and had normal physical and neurological examination/computed tomography CT brain were included in the study. Those with epilepsy, head injury, history of encephalitis,comorbid psychiatric illness or substance dependence or on psychotropic drugs were excluded from the study. BPD cases with presenting complaints such as impulsivity, aggressiveness, self-injurious behavior, and suicidal attempts were selected for the study, whereas BPD cases with past or present history of any psychiatric illness were excluded from the study as psychiatric illness could alter EEG waves.
Tools

Semi-structured pro forma
Semi-structured pro forma was used for recording the sociodemographic and clinical details as per the interview techniques proposed by Gunderson et al. [12] Participants were evaluated using the DSM-5 criteria for BPD of which five criteria are required to make a diagnosis of BPD. [11] We categorized BPD into three groups for comparison purpose. Those who fulfilled 5-6 criteria in DSM-5 were classified as mild, 6-7 criteria as moderate, and those who fulfilled all the 9 criteria as severe. Those who had 4 or <4 were considered as not having BPD.
Electroencephalogram recording
Digital EEG was recorded with Recorders and Medicare Systems 32-bit EEG machine. An EEG wave is the representation of the differences in electrical potential between an electrode placed on the scalp and a reference electrode placed elsewhere on the head. Total duration of 40 min using the International 10-20 Electrode Placement System with standard activation procedures was done. Computer analysis was not attempted. The EEG was interpreted by neurologists specialized in EEG and epilepsy, who was blind about the study. When abnormalities were found, they were classified in terms of location, wave pattern, and frequency. Only definite abnormalities were classified as abnormal, abnormalities for age were judged with reference to current established normative criteria published in EEG literature.
If abnormality was strongly suspected, but the resting EEG normal, activation procedures were used in EEG to increase the probability of recording abnormal patterns. Strenuous hyperventilation and photic stimulation (stimulation of the visual cortex using light) were the most common activation procedures employed.
Sociodemographic scale
Social status was assessed using modified Kuppuswamy Sociodemographic Scale 2018 by Saleem, which consists of five classes includes upper, upper middle, lower middle, upper lower, and lower. The five classes were categorized based on occupation of the head of the family, education of the head of the family, and total monthly income of the family. [13] 
Statistical design
The statistical design was formulated using the data collected, as above for each of the scales and sociodemographic variables, the central values and dispersion were calculated. In comparison of data for categorical variables, Chi-square test was used. SPSS 20.0 version (SPSS 20, IBM, Armonk, NY, United States of America) was used for the statistical analysis.
rEsults
Majority of the cases and controls were under <25 years of age, with a female preponderance, were unmarried, employed with 12th grade education and belonged to middle and upper classes. No statistical significant differences were seen. Table 1 shows the comparison of sociodemographic profile between cases and controls, which shows no difference. Table 2 EEG abnormalities were seen in 19 cases and 2 controls with epileptiform discharges seen in 13 cases and both the controls. Table 3 As per the DSM 5 criteria ,EEG abnormalities were more in cases having more than 6 criteria for BPD diagnosis as compared to those satisfying only 5 criteria. In patients having all 9 criteria 57% of the cases showed EEG abnormalities. Table 4 shows the pattern of EEG abnormalities. Epileptiform discharges of spike and sharp waves were more common with severe category and nonepileptiform activity (focal slowing) was seen with moderate and mild categories.
discussion
Sociodemographic characteristics
We did not find any statistical significant differences among the variables in both the groups which is in keeping with the study by Zimmerman. [14] Dahl and Akhtar et al. showed higher number of male cases though we had a female preponderance. A 2-year prospective study of self-injury found 2:1 ratio of women-to-men when the primary sources of patients were hospitals and physicians. [15, 16] Rachel et al. showed slightly higher rates of BPD in females, people in lower income brackets, people younger than 30 years, and individuals who were separated or divorced [17] which was partly in keeping with our results.
Borderline personality disorder criteria
Many studies categorized BPD into types based on the symptoms such as impulsive, problems in interpersonal relationships, and affective instability rather than DSM criteria scores. [7, 8] 
Electroencephalogram
Standard EEG studies were carried out under the hypothesis that abnormal brain electrical activity and/or focal brain dysfunction, particularly in the temporal lobes, plays a significant role in the pathogenesis of BPD characterized by impulsiveness and affective instability.
EEG abnormalities in BPD seen were of two types: 
Nonepileptiform abnormal pattern
Nonepileptiform abnormal pattern consisted of slow waves. Slow waves were further divided into focal slowing and diffuse slowing. In our study, 6 persons with BPD showed focal slowing restricted to only specific region that was either frontal or temporal right side. The most prominent focal slowing was delta activity which ranged from 0.5 Hz to 3.5 HZ. It often consisted of an increase in slow frequency rhythms and/or a loss of normal higher frequency rhythms. Figure 1 shows focal slow waves in the left anterior frontal region.
No persons in control group showed any focal or diffuse abnormalities. Persons with BPD showed no diffuse abnormalities. No cases or control showed asymmetry either in amplitude or frequency.
Similar to our study, right-sided involvement was described by Flasbeck et al. Frontal EEG asymmetry is associated with alexithymia in patients with BPD. This finding is in accordance with neurophysiological models of alexithymia that implicate the right hemisphere impairment in emotion processing and could suggest that frontal EEG asymmetry is a potential biomarker of relevant psychopathology in these patients. [18] Frontotemporal distribution was also described by Snyder and Pitts. They showed patients with BPD have a significantly higher rate of both definitive and less definitive EEG abnormalities compared with a group with dysthymic disorder. In this report, older BPD patients had more severe EEG abnormalities. Abnormalities (mainly slowing) were most frequently bilateral and of frontal, temporal, or frontotemporal distribution. [19] De la Fuente et al. reported a 40% incidence of diffuse EEG slowing in a group of unmedicated BPD patients. None of their patients received neuroleptic drugs for at least 2 months, and all other medications were withdrawn for 10 days or 15 days for tricyclic antidepressants and monoamine oxidase inhibitors. However, in our study, no persons had diffuse slowing. [20] The finding of a high prevalence of slow wave abnormalities in BPD patients is in support of an earlier report by Tanahashi. He found a significantly higher incidence of slowing of background activity among the BPD groups (84.4% of BPD patients vs. controls). [7] Studies also have reported between 40% and 80% incidence of generalized slowing of the intrinsic background activity in BPD patients, with the lower incidence figures being derived from studies that exclude participants with comorbid axis I disorders, current drug abuse, or known neurological problems.
Epileptiform abnormal pattern
Epileptiform activity mainly consists of spike and sharp waves. Spike wave is a transient, which is clearly distinguished from the background activity with pointed peak, with a duration from 20 to 70 ms, whereas sharp wave is a transient which is clearly distinguished from the background activity, with pointed peak with a duration from 70 to 200 ms.
14 cases and 2 controls showed focal epileptiform activity.
BPD patients also showed a much higher incidence of paroxysmal EEG activity, particularly posterior sharp waves. Figure 2 shows generalized sharp wave transients. Archer et al. found that 6.3% of a group of 16 adolescents with BPD had bilateral spike-and-wave discharges, whereas none of the 10 participants in a comparison group with other personality disorders had similar discharges. [21] Tanahashi also reported spike-and-wave complexes (of the 6 s variety) in 31% of the BPD patients. [7] Cowdry et al. reported in their study that 5 of 17 cases and 3 of 16 controls showed nonspecific abnormalities and 4 out of 17 and 1 out of 16 subjects showed specific abnormalities which included focal slowing or spike-and-wave pattern. Positive spikes appeared in patients with high scores for high-impulse action, whereas spike-and-wave pattern was observed in patients with high scores of abnormalities in interpersonal relationships. EEG abnormalities in BPD illustrate not only the presence of abnormal cortical foci but also a nonspecific EEG localizable brain dysfunction. [22] 
DSM V and EEG
We found that those who satisfied all the 9 DSM V criteria for BPD had a greater prevalence of EEG abnormalities (11 patients) as compared to 6 and 2 patients each who satisfied 7/8 criteria and 5/6 criteria respectively. This shows that persons who fulfilled more criteria had focal epileptiform discharges than other groups, which was statistically significant Figure 3 .
Ogiso et al. provided evidence of different EEG correlates of BPD symptom profiles. Using subscales of the diagnostic interview for BPD, they found the presence of positive spikes to correlate with impulsivity and the presence of spike-and-wave phantoms to be correlated with high scores on interpersonal relationship dysfunction. The phantom spike-and-wave discharges were also correlated with the presence of neurovegetative symptoms (e.g., headaches and body aches). More recently, positive spikes were found to be a correlate of attention deficit disorder. [23] Ogiso et al. emphasized the observation that no one pattern characterized the entire sample, and that in some patients, the EEG was perfectly normal. [23] Similarly, Drake et al. found that BPD patients who presented with psychogenic seizures had normal EEGs. [24] Cowdry and Gardner found a high prevalence of EEG abnormalities based on BPD symptoms. [25] A number of EEG studies linked BPD to complex partial seizures. Andrulonis et al. found that 27% of BPD had evidence of EEG abnormalities. Several episodic or paroxysmal symptoms are common in BPD and temporal lobe epilepsy. [26, 27] Carbamazepine has shown to be effective in decreasing paroxysmal symptoms. [28] These findings of EEG abnormalities in BPD provide support for the Jacksonian biopsychosocial model of BPD.
The Jacksonian model asserts that many of the symptomatic features of BPD including dysregulated effect, identity disturbance, somatization, and dissociation are caused by disrupted connections in the prefrontal cortex.
In summary, two types of EEG abnormalities found in some BPD patients. The first is the presence of epileptiform discharges. This type of abnormality is likely to indicate a decreased threshold for seizure activity or cortical excitability and may be predictive of responsiveness to anticonvulsant therapy. The second type of standard EEG abnormality is the presence of diffuse EEG slowing.
The presence of a static (nonprogressive waves) and nonmetabolic diffuse EEG slowing could indicate that the patients are in a more difficult group, who are less likely to respond to pharmacotherapy.
Limitations
We did not use any emotional challenges during EEG recording as it is known that the emotional tasks or stressors may impact EEG abnormalities. The current emotional status of the patients was not assessed. Studies with a larger sample size would be more conclusive. We found EEG abnormalities in BPD patients especially in those satisfying all criteria for diagnosis. Electrophysiological investigations of BPD have the potential to contribute to our understanding of the different pathophysiological processes that may be aberrant in BPD patients. Developing a thorough understanding of the neurobiology of BPD is essential for the development of effective preventive, therapeutic, and rehabilitative approaches to BPD. Longitudinal studies with a comprehensive examination of the electrophysiological profiles of this patient group and correlation with symptom clusters would probably yield useful information about subtypes and treatment avenues for these patients.
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